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ABSTRACT

A computer program has been developed which extends
the capability of the BCMASP simulator to cover Uprated
Saturn I trajectories. The basic BCMASP format and structure
is utilized throughout with the targeting and event sequencing
| subroutines modified as necessary.

The trajectory model includes both manned and un-
manned launch configurations, and has a provision for the
incorporation of a wind velocity profile during the critical
early stages of the trajectory if desired.

Preliminary Reference Trajectories, as produced
by Chrysler Corporation Space Division for MSFC, can be
duplicated with differences on the order of 0.1% in final payload
and other critical parameters. The more sophisticated Op-
erational Trajectories can be duplicated to an accuracy of
about .6%.

Among the potential areas sultable for analysis
with the Uprated Saturn I simulator are launch vehicle ray-
load capability studies, engine failure and abort problems,
and the initial phases of rendezvous missions.

N67-40551

™~
b o
" 3
o z (ACCESSION NYMBER) (THRU)
« £
3 2 (J
2 E (PAGES) (CODE)
' o

3]
: Wi -

INASA CR OR TMX OR AD NUMBER) (CATEGORY)

SEE REVERSE SIDE FOR DISTRIBUTION LIST




BA-146 (8-64)

» -

BELLCOMM, INC,

-

COMPLETE MEMORANDUM TO

CORRESPONDENCE FILES:

OFFICIAL FiLE COPY

plus one white copy for each
additional case referenced

TECHNICAL LIBRARY (4)

Bellcomm, Inc.

Anselmo
Boysen
Cappellari, Jr.
Hagner
Hittinger
Howard
Marshall
Menard
Mumme rt
Nehama
Ross
Sperry
. Wagner
Miss P. A. Cavedo
Division 101 Supervision
Division 102 Supervision
All Members Depts. 1021,
and. 1024
Department 1023
Central File
Library

Vo HH<SGGQWEgW>= g
HF<d=E2EgghNpDSQuod™

DISTRIBUTION

1022,

TM-

COVER SHEET ONLY TO




BELLCOMM, INC.

suslEcT: A Computer Program for Simulating DATE: September 29,
Uprated Saturn I Trajectories

FROM: V. J. Esposito

TM~67-1021-2

TECHNICAL MEMORANDUM

I. INTRODUCTION

The increasing variety of experimental objectives
and missions being studied for the Apollo Applications Program
demands a thorough understanding of the characteristics and
performance capabilities of the launch vehicles used to sup-
port these missions.

In order to provide an engineering tool for studying
the capabilities and limitations of the Uprated Saturn I in its
role as an AAP launch vehicle, a computer simulation program
has been developed. This program is essentially a modification
and extension of the basic BCMASP programs used for studying
Saturn V performance; and it parallels the Saturn V model as
closely as possible in structure, format, and nomenclature.

Among the potential areas sulitable for analysis with
the program are:

1. Uprated Saturn I payload-to-orbit capability
studies.

2. Study of detailed profiles for specific launch
trajectories to determine the relative influence
of selected parameters.

3. Orbital access studies for a variety of orbits.
4, Engine failure and abort studies.
5. 1Initial phases of dual-launch rendezvous studies.
Paragraphs II through IV that follow describe the
Uprated Saturn I trajectory simulator at progressively increas-
ing levels of detail, beginning with a general description of

model, and concluding with the actual subroutine program and
data deck 1listings.

1967
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II. GENERAL DESCRIPTION OF UPRATED SATURN I SIMULATOR

The program targets from launch to orbital insertlon
in two steps, using a total of three variables to match three
selected trajectory constraints. For the initial step of the
targeting procedure the first stage kick angle (DLTH1), which
represents an artificially instantaneous rotation of the veloclty
vector after a nominal 10 second vertical rise from lift-off, 1s
targeted to match a selected constraint at the time of launch
escape system (LES) jettilison about 170 seconds later. The BCMASP
criterion for this targeting is normally the altitude at the time
of LES jettison; however, other alternative and potentially more
useful criteria can also be utilized. After satisfying the first
criterion by varying DLTH1, the program then targets a similar
variable DLTH2 (the second stage kick angle) and also the second
stage pitch rate (DTH2) to satisfy two burnout conditions at
orbital insertion. These two conditions or constraints are the
altitude (actually geocentric radius) and the flight path angle.

The final payload in orbit obtained as a result of
this targeting will not necessarily be the maximum that can be
achieved. A second targeting technique that can be used in order
to optimize the final payload is to relax the constraint on the
first stage kick angle (DLTH1). The program then re-targets the
entire trajectory from launch to orbital injection, using the
flexibility obtained by the more liberal constraint on DLTH1 to
optimize the payload placed in orbit.

Both techniques for targeting can be useful in Uprated
Saturn I studies. The first method will show the maximum pay-
load obtainable without exceeding some predetermined first stage
constraint, such as maximum permissable dynamic pressure (QMAX);
whereas, using the second method will show the payload improve-
ment that can be obtalned by relaxing the first stage constraint
to optimize the weight into orbit. With some relatively simple
program modifications, the constraining criterion for the first
stage kick angle can be changed to fit various study objectives,
Other parameters such as the product of dynamic pressure and
angle-of-attack (QALPHA), or aerodynamic heating indicator (AHI)
might be used.

The baslc program is designed to inject the space-
vehicle payload into an elliptical parking orbit at perigee.
The eccentricity of the orbit is established by specifying the
desired perigee and apogee altitudes (in the form of geocentric
distances) in the data deck. The correct insertion velocity to
be used for the 2nd stage engine cutoff criterion is calculated
internally.
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ITI. DETAILED TRAJECTORY MODEL STRUCTURE

A. Trajectory Sequencing: The Events List

The basic outline or "“flight plan" for the launch
trajectory is spelled out in the subroutine SIMTGT, known as
the Events List in BCMASP terminclogy. Table I shows a portion
of a typical Events List for the Uprated Saturn I program.

TABLE I

C
C SHUT DOWN THE CENTER ENGINES,
C
EVENT IBOFF(KICK)
CRITERION (T=TENG5)
CALL 3ITB(2)
IDRAG=0
AUXEQ
c
C SHUT DOWN THE STAGE ONE ENGINES.
C
EVENT S10FF (KICK)
CRITERION (WGT=WS1O0FF)
TSAV=T+TC2
ITHR=0

C
C START THE STAGE TWO ENGINES.
C

EVENT S4ON(S10FF)
CRITERION (T=TSAV)
WGT=WGT2A

Fach event represents a point on the trajectory at which a
discontinulty occurs in the differential equations being used,
or where some modification in the trajectory parameters is made.
For example, at EVENT IBOFF, the cutoff in the four inboard en-
gines of the first stage 1is simulated by dividing the first
stage thrust magnitude by two. This is denoted in the Events
List by CALL SITB(2) under EVENT IBOFF. In general, the Events
List parallels a typical Saturn V launch trajectory Events List
except, of course, that it depicts a two stage rather than three
stage trajectory. Included are: (1) first stage kick after a
short vertical rise, (2) gravity turn phase during low altitude
flight, (3) sequential first stage engine shutdown, (4) brief
coast period, (5) second stage ignitlon, (6) mixture ratio
shifts during second stage flight, (7) interstage and LES jet-
ison events and (8) second stage shutdown.
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Several additional events have been included in order
to provide a more realistic simulation of the actual first stage
thrust variation. For the first 32 seconds of flight, a gradual
buildup of the thrust is simulated by the inclusion of a simple
second order thrust buildup function. After 32 seconds the
puildup function is removed by EVENT BELAY, and the thrust mag-
nitude follows the normal variation with atmospheric pressure.

A second event, EVENT THRDK, has been inserted to
simulate the gradual decay of thrust during the final seconds of
first stage flight.

Further modifications to the Events List can he made
quite simply to simulate specific trajectory problems. For
example, the effect of a premature engine shutdown might be
simulated by inserting an event EVENT ENGOUT similar to EVENT
IBOFF mentioned previously. A complete listing of the Events
List for this program is contained in Appendix A.

B. Trajectory Targeting and Optimization: ETHORB

The BCMASP subroutine ETHORB has been utilized as the
basic program for targeting the Uprated Saturn I trajectory from
launch to orbital insertion and also for optimizing the payload
injected into orbit, if this mode of operation is desired. Two
forms of the routine are available: (1) the standard BCMASP
ETHORB, which uses the altitude at the time of LES Jjetison as
the criterion for the first phase of the targeting procedure
and (2) a modified version of ETHORB, which uses the maximum
permitted value of a selected parameter, such as dynamic pres-
sure during first stage flight, as the criterion or constraint
for the first targeting phase. Test runs have shown that, when
the first phase constraints are sufficiently relaxed and the
program optimizes payload into orbit, both routines produce the
same trajectory.

Listing for the modified ETHORB is included in Appen-
dix A.

C. Other Important Subroutines

Tn order to simplify the structure of the Events List,
a subroutine of tables and other data needed at various events
has been incorporated into the program. This routine, called
SITB, is similar to the SVTIB used for Saturn V trajectories. A
unique feature of the SITB routine, however, is the incorpora-
tion of a dual-drag function by means of two separate drag
coefficient tables. The distinctly different drag profiles of
the unmanned vs. the manned Uprated Saturn I configurations (a
consequence primarily of the LES vs. nosecap configuration
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differences) requlires that these two separate tables be made
available. The SITB routlne is keyed to select internally the
proper table to sult the type of vehicle configuration used,
the keying parameter belng the welght of the LES shown 1n the
input data deck. If the LES weight is set to zero, the un-
manned drag coefflcient table 1s selected. A non~zero weight
for the LES indicates a manned launch vehicle conflguration,
and the corresponding table 1s selected.

Another unique feature of the SITB 1s the incorpora-
tion of a wind velocity profile table. In thls table can be
stored the nominal wind velocity vs., altitude profile for the
time of year and launch site beilng used. Alternatively, the
table may be left empty for no wind or "still air" studies. 1In
order to Integrate the effects of the wind veloclty variations
into the BCMASP programs a minor modification to the basilc
differential equation program, DIFEQ, was alsoc required. At
present, the wind profile data 1s stored in an unused thrust
table in SITB; and 1s entered by calls to LOOKUP from DIFEQ.

A second BCMASP subroutine not normally used for
launch vehicle trajectories has been incorporated into the pro-
gram in order to calculate and store the value of a selected
parameter such as maximum dynamic pressure (QMAX) during first
stage flight. This routine, INTMAX, provides the maximum para-
meter value necessary for targeting during the first phase of
the trajectory when the modified ETHORB targeting routine 1is
used.

IV. MODEL ACCURACY AND PROGRAM LIMITATIONS

The development of an Uprated Saturn I mission passes
through three phases representing increasing levels of specific-
mission detall in depilcting the launch trajectory and overall
mission profile to be flown. The launch vehlicle trajectories
for two of these three phases, as produced by Chrysler Corpora-
tion for MSFC, have been used in this study as a reference or
guideline for judging the accuracy of the simulated trajectory
model developed. The first of these baseline trajectories is
the Preliminary Reference Trajectory in which as many as possible
of the vehicle and mission constraints and requlirements are
incorporated, but which is generally characterized by the use
of "nominal" vehicle and engine performance data, such as nominal
or contract specification values for sea level thrust, specific
impulse, and propellant flow rates. At succeeding levels of so-
phistication, represented by the Reference Trajectory and finally
by the Operational Trajectory, the specific mission and vehicle
characteristics are refined to produce a tailor-made profile
which reflects (1) the actual test stand engine data for thrust
and welght-rate variations of the exact engilnes to be used on
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the launch vehicle (2) thrust buildup and decay profiles at
engine ignition, cutoff and mixture ratio shifts (3) the in-
clusion of more sophisticated navigation and guidance equations,
(4) the inclusion of a wind profile in the atmospheric model,
and (5) six degrees of freedom simulation.

In its present form, the Uprated Saturn I program
discussed in this memorandum (when used without the wind pro-
file option) parallels quite closely the Preliminary Reference
Trajectory. Sample runs compared with an actual MSFC Prelim-
inary Reference Trajectory (Reference 1), show a payload in
orblt difference of only 28 pounds, less than 0.1%. Other
trajectory variables show good agreement also.

In attempting to simulate the more sophisticated
Operational Trajectory for a typical Uprated Saturn I mission
(Reference 2) the simplifications in thrust and weight-rate
profile plus other factors cause the trajectory differences to
increase. The incorporation of the wind profile table improves
the trajectory shaping somewhat over the no-wind Preliminary
Reference Trajectory type model, but errors in drag profiles,
dynamic pressure, altitude and velocity at first stage burnout,
and consequently in final payload obtained are on the order of
1/2 to 1%. Por a typical run, the program can simulate an
Operational Trajectory with a final payload difference of about
400 pounds or about 0.6% for a 70,000 1b. in-orbit weight.

Figures 1 through 3 show the trajectory profiles for
a selected Preliminary Reference Trajectory (Reference 1). Fig-
ure 4 shows the deviation of a typical trajectory flown with
this model from the Preliminary Reference Trajectory for certain
critical variables. One interesting effect that will be noted
in the drag error curve 1s the error of about +7000 1lbs. that
appears at launch. This represents a phenomenon that has been
"wired" in to the differential equations for Saturn V launches.
Rather than remove it for the Uprated Saturn I program, a simple
compensating effect has been introduced into the thrust profile in
the early seconds of flight, thus maintaining the effective thrust-
drag force at the proper value.

It can be noted from Figure 4 that in the particular
example used here the model trajectory tends to fly somewhat
higher than the reference trajectory at maximum altitude, although
the final insertion altitude is correct.

The deviation in weight (see Figure 4) that accumulates
to about 3000 pounds during first stage flight is caused by the
slightly higher than nominal constant weight rate used in the
simulator model. At first stage burnout, the BCMASP model stops
the fuel flow and hence the weight decrease instantaneously at
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140.32 seconds. The Preliminary Reference Trajectory (Reference

1) allows for a 1.3 second "tail-off" in which the welight con-
tinues to decrease. This "tail-off" is compensated for by a higher
than nominal weight-rate used in the BCMASP simulator, so that

the vehicle weights are in correct agreement at stage separation.

As mentioned earlier, precision trajectory simulation,
such as that obtained for the Operational Trajectories developed
for MSFC by Chrysler Corporation, reqguires a more sophisticated
model than that used in this program. For specific studies,
the flexibility of this program and the flexibility of the
BCMASP do provide for more precise ftrajectory simulation than
that actually shown here. In order to match more exactly the
true thrust and drag profiles of the operational trajectory,
tabular rather than function-generated values can be introduced.
In this way an exact thrust and drag profile can be obtained.

In addition, the fuel weight-rates, now depicted as constant
values, can be replaced by a time~varying function or by a set
of tabular data. Improvements in the simplified wind profile
model might also be incorporated.

In its present form, however, the program should
provide a self-consistent set of trajectories for studying
and evaluating Uprated Saturn I performance under various
trajectory situations. Such potential modifications as strap-
on solid rocket thrust assistance and 2-1/2 stage (cSM SPS "third
stage") trajectories can be examined.

Appendix A contains a 1listing of the more important
computer routines used in the program as well as a typical input
data deck. Only those routines that differ from the standard
BCMASP routines are listed.

Appendix B contains a partial 1listing of a typilcal
trajectory run for a Preliminary Reference Trajectory type model.
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APPENDIX A

SPECIAL OR MODIFIED COMPUTER ROUTINES USED FOR THE

UPRATED SATURN I SIMULATOR

Events List, SIMTGT
Optimization Frogram, ETHORB
Tables and other Data, SITB

Input Data for typical run, DATAZ2



Jan

CPTION SIMTGT

e el

leEaNe]

EQUIVALLNCE
e IVEH({3),UnGTL),
IVEHI6), THR2A),
o (VLHI{9) ,F UL 2),
SAVEHILZ)yWGT ),
EGUIVALENCYE

e (VEH({53)4WGTLES),

SAVEHTST)Y, TMIXL)Y,

e (VEH(6L)aTITLISGY,
« (VEH(63),0W5T2C),

« (VEH{69), DK ),
«IVAR{36GE) , uMAXY,

SIMTGT

LISTeREFZERFILE
SUBROUT INE STMTGT

(veEr(l),¥SLY),
(VEF{4)yFUELL),
(VEF{T)sWGI2A),
IVEH{10),TC3),
(VEF{13},LWGT3),
(VEH(HL ) g XKAREALY
(VER(S4 )y WwGTISG),
(VER{58),D8GT2ZB),
(VER(EL), TITLES)
[VERL&4), THR2C),
(VER{SG),AaCCOL),
{VAR{369),TMAX),

(VEH{Z2) 4 WGTL1 ),
(VEH(S),TENGS)Y,
{VCH(8),DWwGT2A),
{VEH{11),THR3),
(VEH(L14),TKICK)
(VEH(52),ATL),
{(VEH(S6),TC2),
{VEH{59) ,THRZ28),
(VEH{62),TMI X2),
(VEH({68),TEGT)Y,
(VEH{48’1DFDA1’7
{(VAR{370),Q5uUM)

FEQUIVALENCES FOR UPRATED SATURN [ VEHICLE

EQUIVALFNCE
DIMENSTUN

{FLT(C22) yRAPOGR),
TQ(4),

(VAR(375),RAPOG)

LAUNCH VERTICALLY FROM THE SURFACE UF THE EARTH.

EVENT LAUNCH{START)
CRITERIUNIT=0.)

AUXEQ
FIT) = —75.7052T2%2 + 4385.3s#T - 63725,
THRN=TSLL ¢+ F(T)
C
¢ INITIATE TH: GRAVITY TURN,.
C

WSLIOFF=WGTI-FUELL

WOT=WGT L
CALL ELINIY
CALL SITB8(D)

EVENT KICK{LAUNLH)
CRITERICONIT=TKICK)

C
C
¢

catl IKICK

BELAY THRUST BUILCUP FUNCTLON

EVENT BELAY(KICK)
CRITERICNIT=32.)

100

THRN=TSLL

PO 100 [=143
re(li=c.
CLI)=C.
GQMAX=Q.

AUXEQ

200

IF(OMAX.NELCS)

GO T4 S910

Ula)= (RHOAsVAR®®2)/288.

TQtad=1

0 200 1=2,4
TOUI-L)=TaQL1)
eli-1)=0(0)
IF(R(L1YeERL L)

GO YO 6910



SIMTGT

JOB VJEZ

CALL INTHAX (1aTCydy TMAXoUMAX,HUSUM)
IFEaMmaxLreaie) GO TO 991¢C
WRITE(b,L : 1) Tb(l)yQ(S),TMAx,QNAX
101 FORMAT(SH T =C015%.d43Xe4H G =£15.8,3Xy7H TMAX =E15.8,3X,
o IH QFAX =£15.8) ‘

C
C HeGIN THRUST DECAY
C

EVENT THRDOK{KICK)
CRITERICGN(T=TUK)
ACCT=ACCuUL
CFOA=DFDAL
AUXLEQ

C
C END GRAVITY TURN,
C

EVENT ENDGT (LAUNCH)
CRITERION(T=TcGT)

[GT=0
UMEGAP=(a
CMEGAY =0
AUXEQ
C
C SHUT CLWN THLE CENTER ENGINES.
C

EVENT I[BOFF{KICK)
CRITERTON{T=TENGS)
CALL S1ts(2)

IDRAG=0
AUXLEQ
C
c SHUT DuWi THE STAGE ONE ENGINES.
C

EVENT S1UFFIK{CK)
CRITLRLIUN(WGT=WSLUFE)

TSAV=T+TC2

[THR=0
C
c START THL SIAGE TWO ENCINES.
C

EVENT S4UN(S10FF)
CRITERION(T=TSAV)
wWGT=WGTZA
ITHR=1
CALL SITR(Y)
TSAVI=T+TMIX1
TSAVZ2=T+TJTISG
TSAV3I=T+TJYTLES
TSAV4=T +TMIK2
WS4UFF=WETZ2ZA-FUEL2-WGTLES-WGTISG

C
C FIRST 5-1ve MIXTURE RATIO SHIFT.
C

EVENT MIX1{Sa4liNgS4QFF])

CRITERIUN(T=15AV]Y)
CALL SITE(4)



SIMTGT

JOR VJI: 2

C

C JETTISON Thi INTERSTAGE.
C .

EVENT JETISGL(S4CN,S40FFL)
CRITERION(T=TSAVZ)
WGT=WCT-WGTISE
C
C JETTISUN VHE LAUNCH ESCAPE SYSTEM,
C
EVENTJETLES({S40UN,S40FF1)
CRITERIUNIT=T5AV3)
WOT=WGT-WGTLES
OMEGAP=DIHZ
CALL IPITCH(DLTHZ2)
OMEGAY=0PS12
CALL IYAW(CLPSI2)
AUXEQ
V=VALUE (VX))
VCIR=SQRT{GME/R)
VOFF=VCIR#SCRT({2./(1.+R/RAPUGR))
c
C SECOND S—1Ivd MIXTURE RATIOD SHIFT,.
C
EVENT MIX2(S40N,S40FF1)
CRITERION(T=TSAV4)
CALL SITo(5)

WLIGHT IS EQUAL TU WEIGHT WS4OQOFF

e N el e

EVENT EMPTY(S4CNsS40FF1)
CRITERION{WGT=WS4UFF)
C
C SHUT DOWN THE STAGE TWC ENGINES.
C
EVENT S40FF1{S40N)
CRITERION(V=VOFH)
V=VvALUE{VX)
ITHR=0
OMEGAY=0.
(OMEGAP=0,
TSAV=T+TC3
BETAI=BETAIRX,VX)
AUXEQ :
EVENT STOP(S40FF1)
CRITERION(T=TSAY)
CLAST
DECK SIMTGT TU BE COMPILED
END
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1

2

3

10

12
15
16
17
20
21

.22

23
24
25

CPTICN ETHCRA

C

C

Ry

cOAa0o

26
27

30

2

C

1

2

3
4
5

6(TWV(275),

7

SUBRCUTINE ETHCRA

ETHORB

SOURCE PRUGRAM

LIST,REF,ERFILE

ETHORB

CUMMON /C1/VAR(375)/C3/SHP(100)/C4/TWV(400)/C5/FLT(130)

EQUIVALENCE
(VAR(195),  WGT),
(SHP(CO5), DLTH2),
(TWV(010), IPRTRY),
(FLT(G67), ALT3R),
(TWV(26T)y SENS1),
QWGT4)
(BKP( 23), ISKPSW),

CIVENSICN X(3),

Y(3),

(VAR(108), RY g (VAR{190),
(VAR(203), BETAI), (SHP(004), ODLTHL),
(SHP{006)y DTH2),  (TWV(109), QALT3j,
(TWV(OLL)y QRE4), (TWV(O012), QBTA4),
(FLT(023), REO), (FLT(068), BIA4R),
(TWVI269), SENSZ), (TWV(274), 10PTED),
(TWV( 1), K1) (TWV( 2,
(FLT(072), GMAXR), (VAR(368), QMAX)
XP({2), YP(2)

INTEGRATE TO EVENT KICK
IF(IPRTRJILEQ.]1) CALL PRTCOM

K=0

~CALL FLVINT(6HLAUNCH,4HKICK)

"IF OPTIMIZATION RUN,
IF{{IOPTECLEQal) e ANDo(KLoEQel) dAND.(K2.EQ.1))

TEMP=QALT3
WRITE(6,101)
GC TC 2
TEMP=0.5
WRITE(6,102)

TARGET TRAJECTORY

" TARGET TO EVENT JETLES

" WRITE(6,1C03)
"CALL ROLLBK(4HKICK) .

INCREASE ALT TOLERANCE

GO TO 1

~CALL HUNTL{(DLTHL,GMAX,QMAXRyTEMP y4HKICKy6HJETLES,SENSL)

- ALT3=CGMAX

‘ TARGET TC EVENT S40FF1
WRITE(6,1C4)
_ CALL RCLLBK(6HJETLES)

CALL HUNT2(DLTH2,CTH2,R,BETAI,REQ,BTA4R,QRE4,QBTAL,

6HJETLES,6HS40FF1,SENS2)
LF((IOPTEC.NE.1).0R {KL.NE.1}.0R

" COMPUTE NEW VALUE FOR DLTHI1

" SET UP TABLE OF POINTS

K=K+1

WRITE{6,105) K,DLTHL,WwGY

CC 3 I=142
X{I}=X{I+1)
YUI=Y(Iel)
X{3)=0LTH1

Y (3)=WGT
LF({KoGT.10) RETURN
[F(K.GE.3) GO TC 4
"DLTH1=DLTH1+.003
TFMP=S.

i e e o e sy

«{K2.NE.1)) RETURN



vJE?2

54

25
56
57
6l
62
63

... 64

65

66
71
72

o

C

6“

101
102

. 103 _ FORMAT(/9X,23HTARGET

104

106

T GMAXR=ALT3

ETHORS

SOURCE PROGRAM ETHCRB

GC 1C 2 : ,
FIT PARABCOLA TO POINTS AND FIND MIN

CC 5 I=1s2 . . ...

XPLI)=X(1)=X(3)

YP(I)=Y(I)=Y(3)
DET=XP{1)#XP(2)#(XP(1)=XP(2}])
A={YP(L1)#XP(2)=YP(2)#XP(1))/DET
B=(XP(1)w##28YP(2)-XP(2)##2#YP(1))/DET
XPMIN==8/(2.eA) o

YPMIN=XPMIN® (A#XPMINB)

IF EXPECTED SAVING LT QWGT4, STOP ITERATING
IF(ABS(YPMIN).LT.QWGT4) GO TO 6
CLTYFI=0LTHL+XPMIN
GC 10 2

RETURN

FORMAT(/14X%X,29H{SELECT DLTHLI TO MATCH QMAXR))

LY ow

[V IRV V)

SN

FORMAT(/14%,49H{SFLECT DLTHL TO OPTIMIZE WGT INTO PARKING ORBIT)) S

1414X,8HU  =QMAX),

KICK TO JETLES//9X,21HAT JETLES X =DLTHIS

FORMAT(/9X,25HTARGET  JETLES TO S40FF1//9X,21HAT S40FFL X =DLTS

1HZ2414X,5HU =R/21X,8HY =DTH2,15X,9HV =B8ETAI)

S

FORMAT(/14X,12HPOINT NUMBER,13,5X,6HOLTHLI=,F1449,5X,4HWGT=,F12.2) S

ENG

1!

S
S



vJr?

N

10

11

12

13
14
t6
21
22
24
25
26
30

SITB

SOURCE PROGRAM SITH

COYICN SITH LIST,REFLERFILE

c

[eNe!

OO

10¢C

w SN

SUERCUTING SITR(])

COMMON /CL/VARI3T5)/CE/VEHIL0O)

COMMON /TABLEL/RRAGTB( S2)/TABLE2/CLIFTRY 52)/TABLE3/THRSTBI( 52

LTAGLZG/CWISPTL 52)/TABLES/CGRVTB( 52)/TABLEG/CPRSTR( 52)

ECLIVALENCE (VAR( 96, Ty (VAR{1Y1), ATY,
POVAR(192) s ITHFE), (VAR(199), WoTh, (VAR(199), XAREA),
2UVARE213)y  ITHR)Y, (VAR{351), TREF), (VAR{352) yWGTREF),
3IVAR(3SG)Yy  THRND, {VAR(357), DWGTN), (VAR(365), DFDA}.
4(VARLZGH),, CCWDAY, (VAR{36T), ACCO) .

ECUIVALENCE (viEHE 1), TSL1L), (VEH( 3), CWGTL).
LIVERL  6), THR2A), LVERL  8),DWGT2A), (VEH( 11}, THR3!,
2LvC-0 13), DWGT3Y, LVEHL 481, DFDAL), (VEH( 49),DDWDAL}.
JLVERD 50), ACLOLY, (VER( 51) ¢ XARCALY, {VEH( 521, AT i,
4(VeER( 58)Y,CWGT2B), LVEHL 59), THR28), (VEH( 63)40AGT2C),
5({vEr{ 64), THR2C), (VAR(274), IDRAG), (VAR(275), ILIFT).

6EAVERL S53),WwGTLES)
CINENSION TABLL(52), TAB21(52), TAB31(52)

CATA TABll/ZS.nO..O...2,.25,.3..4..5..6..7,.8..9'.959
11.,1.05,1.l.1.2,1.3.1.5,2.0.2.5,3..3.5,4.,5.,6.,
299091-)1.1-65106, -531.48' -45' -439 0421.45'~.5)067’0781077|068’
3e619e52943512315025120191a154eC74014047

CATA TABZL/ZS.,O..O...Z'.ZSg.3,.4..5,.6,.65..75,.85..95'1.,
11.05,1.1,1.2,1.5,2.0.2.5.3.0.3.5,4.y4.595.,6-.99-,1.2.1.2,
2.91 -6' .47,.38' 03].'.29'.321.4;.54' a()()' .7891.79’-761.639.49’.42’
3.‘0,.38].3&’-31'.25! -05'0.0/

CATA TAB31/25.wQ-00.:3281-7328080’42651-)656170972178-)
78740.'88533.,91864.y98425.'111549..114820.,124672.ol34514.,
141076.,154199..157480.:160761.:164042.pl73885.¢177165-.
183727..190289.'193560..262467..0..0..98.43,113.19.26.25.
21.33,26.25;45.93-32.81o55.77:26.25;37.73:'9.84,37.73,
13.12'42.65,32.81g44.29.16.40:37.73;32.81:37.73.65.62,29.53.
164.04/

W e

GC TC (100,2C0,3C0,4C0,500),1
ENTER S1 VEKHICLE DATA

CC 5 3 = 1,52 0
THRSTHUJ) = TAB31(J)
[FIWCTLES.FQ.0.) GO TQ 2
£C 1 J = 1,52
CRAGTB(J)=TABLL1(Y)
GC 1C 3
DC 4 J=1,452
CRAGTB(J)=TAB21(J)
XAREA=XAREAL



31
32
33
34
35
36
37
4C
41

42
43
44
45

46
47
5¢C
51

52
53
54

55
56
57

60

[N el

aNeNe)

[aNeNe!

20C

30C

400

500

6CC

SITB

SOURCE PRUGRAM SIT8

THRAN=TSL1
ITER=1
ITHFN=1
OFCA=C.
CCWweaA=CCwEAlL
ACCCsO0.
AT=AT1
DWGTN=DWGT1
GC TC 6CO

CHANGE S1 CATA TO REFLECT IECO

CWCTN=.5%DWGTN
THRN=.5#TFRN
AT=.5%AT

GC TC 600

ENTER S2 VEHICLE DATA

DWGTN=CWGT2A
THRN=TKRZA
[THEN=Q

GC TC 600

ChANGE S2 VEHICLE DATA TO REFLECT MIX1

CWGTIN=CWGT28
THRN=THRZB
GC TG 6écCO

CEANGE S2 VEHICLE DATA YO REFLECT MIX2

CWCTN=CWGT2C
THRN=THR2C
RETURN

ENC



DATA 2

Jis vJi2

START 0OF APOLLO STMULATION PRCGRAM
TARGET AEA 5,6

PRINT LAYER

PGHEAD=#SATURN [H LAUNCH TRAJECTUORY=®

C

C LAUNCH ViHICLE PARAMETERS
WGTL=1295(2%.
FUELL=duE2 18,
FUEL2=22800 2.
WuT2a=3061418.
WOHTLLS=0u450.
WGOTISG=22 0.
AT1=13132.49
XAREALI=360.

C ENGINE PERFLRMANCE PARAMETERS
TSL1=167000daR
DHGTL1=6398,.734
THERZ2A=205000

THRZ2B=231400.
THRZ2C=1961)7.
DWGT2A=40d1.22
DwWGTI2R=543.40
DWGT2C=450.0T

C MISSION SPCCIFIC PARAMLTERS
DATEL=24395%04%.5
AL=83.817%
PADLAT=.8452195u3
PADLCN=-du.D611417
PADRAD=209098291.73
DLTHL==,.20374
NMLTHZ=TN335
DTHZ2=~-. 10981
pPSiz2=Q.

ILPSI2=a.
ALT3R=311351.
FLT(272)=5.1
FLY{022)=21654872.04
REQ=21417903.5%4
H6TA4R=D,

C EVENT TIMING PARAMETERS
fIMel =0,
TKICK=14d.
VEH(69) =100
VEHTAR)Y=130.32
1ENGY=137.32

L2=6.0
TMEXL=1.3
TJTISL=1¢C,
TJTLES={9.5H
TMIXZ2=1lb4.2C
TC3=100,.

C TOLERANCLES AND OTHER PARAMETERS
ACCOL=2,9065
DFDAL=-2524d0.
COWRAL=Ga



DATA 2

JaB VJi2

GRE4=250,
QALT3=0.101
WETA4=0.00)
OWGTa=1.
Kl=1
K?2=1
C OPTION STLLUCTICHN FOR TARGETING
[UPTEO=
LAST



APPENDIX B

TRAJECTORY PRINTOUT FOR TYPICAL UPRATED SATURN I TRAJECTORY
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